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Declining soil fertility and pests and diseases are major constraints to banana productivity in 
smallholder farming systems in Uganda. This study explored farmers’ awareness and perceptions on 
agro-ecological intensification (AEI) practices for addressing these constraints in five banana-growing 
districts in Uganda. Stratified random sampling procedure was used to select 60 households for a 
survey from different agro-ecological zones and banana production systems. The household survey 
was complemented with focus group discussions to obtain qualitative data on farmer perceptions on 
benefits and constraints to AEI application on-farm. Thematic content analysis and descriptive 
statistics were used to analyze data. Results of the study show that most of the interviewed farmers 
were aware of the AEI practices although not all those aware had adopted the practices. Farmers were 
motivated to apply AEI practices perceived to offer multiple benefits: pest and disease management, 
enhanced productivity, soil fertility improvement and ecological adaptability. Major constraints to 
application of AEI practices by farmers include insufficient knowledge, labour intensiveness and limited 
access to markets. A transition towards intensification of smallholder banana systems requires that the 
full range of ecosystem services provided by AEI practices are recognized and valued by farmers. 
Therefore, empowering farmers with knowledge on their agro-ecological systems and locally adapting 
AEI practices is essential for realization of benefits and wider adoption of AEI practices. 
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INTRODUCTION 
 
Musa species (banana and plantain) are key crops in 
Uganda, supporting the livelihoods of millions of 
smallholder farmers who rely on it for food and income 
(Nowakunda et al., 2010). With an estimated total annual 
production of 10 million tones, Uganda is the second 
largest producer of bananas after India (FAOSTAT, 
2003). The crop is grown predominantly by smallholder 
farmers on approximately 1.5 million hectares, equivalent 
to 38% of total arable land (Nowakunda and 
Tushemereirwe, 2004). Per capita consumption is 
estimated at 400 - 600 kg per year (Tushemereirwe et al., 
2000; Karamura et al., 2008) which is among the highest 
in the world. Besides own consumption, the banana crop 
contributes to farmers’ incomes through sales in raw form 
and other value-added products such as chips, cakes, 
wines, juice and flour (Karamura et al., 1991; Karamura, 
1998). Moreover, different parts of the crop can be used 
for other domestic and industrial uses: leaves and 
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pseudostems are principle sources of mulch for main-
taining and improving soil fertility and moisture; leaf 
sheath fibers for thatching, handicrafts and clothing; 
leaves for wrapping foods; peels and pseudostems are 
valuable livestock fodder (Nelson et al., 2006; Pillay and 
Tripathi, 2007).  
In spite of its importance, banana productivity has been 
declining since the 1970s in the traditional growing areas 
of central Uganda, at the same time there was an 
unprecedented geographic shift in banana cultivation 
towards non-traditional growing areas of southwestern 
Uganda (Gold et al., 2000; Bagamba et al., 2010). Low 
banana productivity has been attributed to worsening 
banana pests and diseases and declining soil fertility 
(Gold et al., 1991, van Asten et al., 2010). These two 
problems are inter-related, as low soil fertility reduces 
host plant vigor and leads to increased susceptibility to 
pests and diseases (Patriquin et al., 1995; Spann and 
Schumann, 2010). The major pests and disease 
problems on banana in Uganda include weevils, 
nematodes, Fusarium wilt, black sigatoka, banana streak 
virus and more recently Xanthomonas wilt (Gold et al., 
1991; Tushemereirwe et al., 2004).. In addition to these, 
banana farmers are also faced with an array of abiotic 
constraints including low farm gate prices, limited access 
and high input costs, lack of output market linkages, 
financial credit, information and technologies, and climate 
change. 
Due to rapid growth in population and lucrative market 
opportunities (that is, urban, regional and international), 
there is a real need for increased banana production for 
food security and to meet market demand. Although past 
increases in agricultural production depended largely on 
increasing land area utilized, this is no longer feasible in 
smallholder farming systems, as land has become a 
major limiting factor and fallow periods are reducing due 
to pressures of an increasing population. Furthermore, 
expanding agriculture by opening up new areas is a 
costly option due to competition for land resources with 
other equally important services such as biodiversity 
maintenance and other ecosystem services (Eppink et 
al., 2004). The food crisis in 2007 highlighted the 
vulnerability of global food supplies, and a need for 
agricultural systems that are highly productive, highly 
sustainable, and contribute to the progressive realization 
of the human right to food (De Shutter, 2011; Dobermann 
and Nelson, 2013). In order to save and grow - increasing 
agricultural productivity while preserving the environment, 
the agendas of food security and sustain-ability both 
require changes towards more sustainable production 
and consumption models (FAO, 2012). The desirable 
model of agriculture must possess proven results for fast 
progress in the concretization of the human right for 
many vulnerable groups, besides showing strong 
conceptual connections with the right for food (De 
Schutter, 2011; Méndez et al., 2013). 
Two   alternative  models  for   intensifying   smallholder  
 
 
 
 
agriculture are discussed in the following literature. The 
first is the Green Revolution model which emphasizes 
increasing productivity through use of improved varieties 
and intensive use of external inputs such as fertilizers 
and pesticides (Gabreselassie, 2006). Although there is 
ample evidence that the Green Revolution was a spec-
tacular success credited with raised agricultural 
productivity gains, particularly in staple crops like wheat, 
maize and rice, main drawbacks with this model were the 
associated negative environmental costs that undermined 
the long-term sustainability of agro-ecosystem. For 
instance, the loss of yields due to pests in many crops, 
despite the substantial increase in the use of pesticides is 
a symptom of the environmental crisis affecting agricul-
ture (Altieri and Rosset, 1995). Indeed one of the main 
global challenges for agricultural development is how to 
manage agricultural landscapes to achieve food security 
and poverty reduction without degrading the environment 
and biodiversity, which are central for maintaining the 
long term productivity of agro-ecosystems (Perfecto and 
Tscharntke, 2012). With regards to the growing 
discontent with the Green Revolution has led to the 
seeking of alternative models for intensification have 
been sought that draw more effectively on production 
ecology principles to improve the productivity and 
efficiency of agriculture while reducing negative environ-
mental impacts (Dobermann and Nelson, 2013).  
Within the context of sustainability, agro-ecological 
intensification (AEI) has emerged as an alternative 
paradigm for transforming agriculture. It is defined as 
producing more output from the same area of land while 
reducing the negative environmental impacts and at the 
same time increasing contributions to natural capital and 
the flow of ecosystem services (Collette et al., 2011; 
Pretty et al., 2011). The key principles of this approach 
are the explicit integration of biological and ecological 
processes (for example, nutrient cycling, nitrogen fixation, 
soil regeneration, competition) to increase agricultural 
production and use efficiency of external inputs, labor, 
and natural resources and to reduce losses to abiotic and 
biotic stresses (Côte et al., 2010; Doré et al., 2011).  
It is important to note that AEI does not mean the 
exclusion of external inputs per se but implies designing 
sustainable production systems that save on external 
inputs and are less harmful to the environment and 
health. Notably, AEI builds on important capital assets for 
agricultural systems such as locally available resources, 
traditional farming practices and indigenous technical 
knowledge (Onwonga, 2009; Doré et al., 2011). The 
approach ultimately builds resilient livelihoods by 
sustainably increasing productivity of agricultural sys-
tems, enhancing environmental service provision, improv-
ing economic benefits and nutrition options of rural 
families, reducing risks from pests and diseases, increas-
ing equity in rural communities and self determination of 
rural people, (Altieri, 1998; Pretty et al., 2006; Wezel et 
al., 2009; Fonte et al., 2012).  
 
 
 
 
Despite soil fertility and pests and diseases being major 
constraints to banana production in Uganda, fertilizers 
and pesticides are not widely used by smallholder 
farmers, due to lack of access to the inputs and high 
prices (van Asten et al., 2010). This presents an 
opportunity for the promotion of AEI in managing soil 
fertility and pests and diseases in banana-based 
smallholder farming systems (Côte et al., 2010). Given its 
roots in integrated pest management (IPM), integrated 
crop management (ICM) and agro-ecology, AEI has great 
potential for the creation of environmental conditions less 
favorable to pests and diseases but more favorable for 
vigorous and healthy crop growth and active growth of 
beneficial organisms (Staver, 2002; Collette et al., 2011; 
Gomiero et al., 2011). The aforementioned ecologically-
based pest management alternatives arose in response 
to the routine use of pesticides, which had resulted in 
greater application, pest resistance and emergence of 
secondary pests (Altieri and Rosette, 1995; Côte et al., 
2010).  
Driven by pressures to reduce use of pesticides, 
chemical fertilizers, fossil fuels and water, banana 
growers are beginning to implement numerous non-
chemical agro-ecologically-based strategies (that is, 
manure application, mulching, leaf pruning, de-budding, 
destroying infected plants, host plant resistance, crop 
rotations, intercropping, pest-free tissue culture plants, 
pheromone trapping of insects and natural enemies) for 
controlling banana pests and diseases complexes (Côte 
et al., 2010; Doré et al., 2011). A recent study by 
Karamura et al. (2013) showed that AEI practices such 
as manure application and mulching can be effective in 
addressing banana pests such as nematodes and 
therefore reduce yield losses from these pests. However, 
the same study also showed that, due to the knowledge-
intensive nature of AEI, effective deployment of these 
practices at the farm level is influenced by farmers’ 
knowledge of their agro-ecosystems and the capacity for 
ecological reasoning. These two aspects also shape 
farmer’s perceptions on the relevance and perceived 
benefits of AEI practices, which in turn influences actual 
application of the practices. This study intends to build on 
this work by further exploring the aspects of farmers’ 
awareness of the practices and perceived benefits or 
constraints of AEI application using a combination of 
quantitative and qualitative approaches. 
 
 
MATERIALS AND METHODS 
 
An exploratory study was conducted between September and 
October 2011 to collect information on awareness and perception of 
agro-ecological intensification (AEI) practices among smallholder 
banana farmers in Uganda. Data were collected using three 
complimentary methods: household survey, focus group discus-
sions and direct observations. To avoid bias that may arise from 
influences by other farmers who participated in group discussions, 
the household survey was conducted first. A stratified random sam-
pling  procedure was  used  to select  60  households from  different 
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agro-ecological zones and banana production systems (Table 1) for 
interviews with the structured questionnaire. Agro-ecological zones 
were delineated based on elevation: Low-altitude (< 1200 masl), 
mid-altitude (1201-1600 masl) and high-altitude (> 1600 masl). 
Production systems were defined based on the predominant Musa 
type: East African highland banana (’Matooke’) or Pisang Awak 
(‘Kayinja’). The districts of Kyankwanzi, Sembabule, Lwengo, 
Bushenyi and Mitooma were purposively selected to represent each 
agro-ecological zone and banana production system.  
During the interviews, the male or female household-heads were 
the targeted respondents, although any adult with familiarity on 
banana production in the household was interviewed in the 
absence of household head. The questionnaire covered aspects on 
awareness of the different AEI practices, sources of information, 
and applied constraints and benefits of the practices. Additional 
information was gathered through direct observations by 
enumerators involved in the household surveys and documented in 
the form of field notes. After the household interviews, focus group 
discussions were held to collect complimentary qualitative 
information on benefits and constraints of AEI practices in the 
community. Participants for focus group discussions were farmers 
known to have better-than-average knowledge of banana farming 
that is, have been involved in banana production for longer periods 
of time. These farmers were selected based on information 
provided by key informants, who were mainly extension officers in 
the study areas. The selection criterion enabled the capture of 
longitudinal variability in application of AEI practices. Responses 
from farmer interview and focus group discussions were translated 
verbatim and imported into the computer programme ATLAS.ti7 
(Cincorn Systems Inc., Berlin, Germany). Different themes and 
categories in the interview transcripts portraying farmers’ perception 
of AEI were identified by thematic content analysis. Searches were 
conducted through the data to qualify themes and to remove 
phrases and words associated with duplications. Descriptive and 
comparative statistics (that is, means, percentages and cross-
tabulations) were used to show the level of awareness and 
application of AEI practices among the banana farmers were 
generated using statistical package for SPSS version 17 software 
(IBM Corporation, New York, USA). Pearson’s product moment 
correlation coefficient (chi-square test) was used to test for 
significance of associations between awareness and perception on 
the application of AEI practices in banana cropping systems in 
Uganda. 
 
 
RESULTS 
 
Demographics 
 
The respondent characteristics and distribution is given in 
Table 2. On average, majority (51.7%) of banana farmers 
were women, 79.2% were concentrated in the mid-
altitude zone while 64.3% had greater preference for 
Matooke cooking banana. Besides, 77.8% of males had a 
particular inclination towards Kayinja beer-banana. This 
reiterates the fact that feeding the household is a priority 
of women in rural agriculture whereas most men are keen 
to engage in agricultural ventures that generate cash 
income. Over 58% households comprised between five 
and nine members, implying that labour endowments for 
banana management were sufficient irrespective of 
banana production system and agro-ecological zone. 
Notably, large families experience less uncertainty with 
regard to production risks and far better positioned to
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Table 1. Sampling framework. 
 
Agro-ecological zone Production system District Sampled household 
< 1200 masl 
EAHB 
Kyankwanzi  
12 
Kayinja 12 
1200 - 1600 masl 
EAHB Lwengo 
Ssembabule  
18 
Kayinja 6 
> 1600 masl EAHB 
Bushenyi 
Mitooma 
12 
 
 
 
Table 2. Characteristics of respondents. 
 
Variable 
Gender Production system Agro-ecological zone 
All 
(n = 60) 
Male 
(n = 29) 
Female 
(n = 31) 
Kayinja 
(n = 18) 
EAHB 
(n = 42) 
Low 
(n = 24) 
Mid 
(n = 24) 
High 
(n = 12) 
Age (years) 43.1 45.4 44.3 44.3 41.3 48.7 41.6 44.3 
Education level  (years) 8.2 6.3 6.7 7.5 7.5 6.3 8.6 7.3 
Household size 5.3 5.7 4.6 5.9 5.4 5.7 5.5 5.5 
Farm size (hectares) 3.6 2.5 3.7 2.8 3.1 2.6 3.9 3.1 
Banana farm (hectares) 1.0 1.1 1.0 1.1 1.1 1.2 0.9 1.1 
 TLU* 1.7 2.1 0.8 2.4 1.5 1.2 4.1 1.9 
 
 
 
benefit from adoption of good management practices. 
Age of farmers was variable across gender and agro-
ecological zone. Women were slightly older (45 years) 
while the mid-altitude zone had the oldest (49 years) 
(Table 2). In general, interviewed farmers were over 40 
years of age, indicating a progressively ageing farming 
community in rural Uganda. Considering that age 
significantly explains efficiency in agricultural ventures, 
about 90% farmers were quite experienced (>10 years) in 
banana cultivation despite having a low education level of 
about 7 years (primary education). 
Generally, women farmers had the least level of 
education of about 6 years compared to 8 years for men, 
reflecting a history of bias against girls in education. 
Although farmers had considerably large farm sizes (3.1 
ha) the operational capacity for banana production was 
restricted to 1.1 ha irrespective of production system or 
agro-ecological zones. Gender inequalities in land 
entitlement and distribution were visible among 
smallholder banana farmers.  
For example, men had a larger landholding (3.6 ha) 
compared to women (2.5 ha). We noted that existing 
kinship ties and power relationships within traditional 
governance structures continue to frustrate women from 
ownership of land. However, women were observed to 
have a lot more land to the production of bananas 
compared to men (Table 2). A relatively low livestock 
numbers (1.9 TLU) and yet variable distribution was 
visible across gender, production system and agro-
ecological zone. Ownership of livestock was particularly 
high among women, cooking banana systems and high-
altitude zone. Livestock was a minor enterprise and 
apparently seemed to receive little attention particularly in 
beer banana systems (Table 2). 
 
 
Awareness of agro-ecological intensification in 
banana systems 
 
A total of 10 AEI practices were commonly practiced 
across the study sites (Table 3). Awareness was 
generally high (93.4 to 100%) among smallholder banana 
farmers, irrespective of the banana production system 
and agro-ecological zone (Table 3). The incentive for 
elevated levels of awareness among banana farmers 
may, in part, be attributed to various on-farm research 
initiatives and extension services aimed at bringing 
agricultural knowledge closer to the grassroots. Farmers 
were most conversant with traditional AEI practices such 
as crop residue mulching, intercropping with coffee or 
legumes, soil-water conservation, detrashing (removal of 
dead leaves) and harvested pseudostem splitting. 
Moreover, not all farmers who were aware of AEI 
practices were actually applying them on-farm. For 
example, despite 98% awareness recorded for the use of 
clean planting materials, only 67% use clean planting 
materials. 
Similarly, despite 100% awareness on the value of soil 
and water conservation, only 45% applied the practice on 
farm (Table 3). Thus awareness did not necessarily 
translate into application of AEI practices. Pruning of 
dead banana leaves (93.3% of respondents) and removal
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Table 3. Percentage of farmer awareness and application of AEI practices in smallholder banana production systems in 
Uganda*. 
 
AEI practice Not aware Aware but not applying Aware and applying Total awareness 
Manure application 3.3 51.7 45 96.7 
Mulching 0 28.3 71.7 100 
Intercropping 0 38.3 61.7 100 
Soil-water conservation 0 55 45 100 
Improved banana varieties 1.7 33.3 65 98.3 
Clean planting materials 1.7 31.7 66.7 98.4 
Rouging of infected plants 6.7 26.7 66.7 93.4 
Removal of male buds 1.7 10 88.3 98.3 
Pruning of dead leaves 0 6.7 93.3 100 
Pseudostem splitting 0 31.7 68.3 100 
 
 
 
practices. The removal of dead leaves from the 
bananaplant has been promoted as one of the integrated 
management options for black sigatoka (Vargas et al., 
2009; Engwali et al., 2013). It is also a common practice 
were farmers intercrop bananas with legumes (Ocimati et 
al., CABI book, in press). Timely removal of male bud has 
and is still being promoted for the control of insect-
mediated spread of banana Xanthomonas wilt (Eden-
Green, 2004; Tinzaara et al., 2006) and is widely applied 
due to the high prevalence of BXW in the study sites. 
This practice also improves bunch yield. AEI practices 
such as use of clean planting materials, rouging of 
infected planting materials and pseudostem splitting with 
moderately high application rates (65 - 68%) have also 
been promoted for the control of Xanthomonas wilt that 
has devastated banana production in the region (Biruma 
et al., 2007; Tripathi et al., 2009). In contrast, manure 
utilization (45%) and soil water conservation (45%) were 
least applied on-farm (Table 3). 
The application of AEI practices varied between 
gender, production systems and agro-ecological zones 
(Table 4). Except for intercropping, use of clean planting 
materials and improved banana varieties, more women 
than men practiced AEI practices on farm. Despite being 
less educated than males, women by virtue of their active 
involvement in household food production gain 
knowledge and experience which enhance their adoption 
of knowledge-intensive AEI practices. However, there 
was no significant difference (p ≤ 0.05) in application of 
most AEI practices by gender, except for mulching and 
pruning of dead leaves, practiced more by women and 
the use of clean planting materials practiced more by the 
men (Table 4). Significantly different levels of AEI 
application were visible between Matooke-cooking and 
Kayinja beer-type banana systems, except for 
intercropping and use of clean planting materials.  Higher 
levels of deployment of AEI practices were observed in 
the highland-cooking than in beer-type banana systems. 
In general, Matooke were more intensively managed than  
of male buds (88.3%) were the most applied AEI the 
Kayinja systems. Conversely, Kayinja systems are 
generally considered as tolerant to low soil infertility and 
low levels of management (Gaidashova et al., 2008). For 
example no farmers applied manure in the Kayinja 
systems in this study. Significantly higher levels of AEI 
application ranging between 75 and 100% were also 
noted in the high-altitude agro-ecological zone (Table 4). 
It should be noted that this agro-ecological zone is 
dominated by the Matooke system that is intensively 
managed. Apparently, some of the highland banana 
cultivars were actually for beer in this system.  
 
 
Perceived benefits of agro-ecological intensification 
in banana systems 
 
Examination of verbatim transcripts revealed the diverse 
perceptions farmers have on the benefits of AEI 
practices. Farmers’ perceptions on AEI varied with 
gender and production system, and to a lesser extent by 
agro-ecological zones. Majority of farmers cultivating 
Matooke bananas, who are mainly woman-headed 
households, actually perceived multiple benefits from AEI 
application. Examples of the multiple benefits of some 
AEI practices are illustrated in the following quotes: 
 
“When I put manure in my banana garden, I harvest 
bigger banana bunches….manure helps my plants to 
grow well….it also helps to soften the soil”  
 
“Mulching....prevent weeds from growing…keeps water in 
the soil…soil is more fertile…prevents rainwater from 
taking away soil”  
 
 “Removal of male bud is important for controlling the 
spread of wilt disease in my field…if I don’t remove it the 
size of my bunch is much smaller...I later use it for 
feeding my animals”  
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Table 4. Differences in percentage application of agro-ecological intensification practices by gender, production system and agro-ecological 
zone. 
 
AEI practice 
Gender Production system Agroecological zone 
Male 
(n = 29) 
Female 
(n = 31) 
X
2
-test 
Kayinja 
(n = 18) 
EAHB 
(n = 42) 
X
2
-test 
Low 
(n = 
24) 
Mid 
(n = 24) 
High 
(n = 12) 
X
2
-test 
Manure application 34.5 54.8 3.25  
ns
 0.0 64.3 22.50 ** 29.2 45.8 75.0 12.15 ** 
Mulching 51.7 90.3 10.99 ** 44.4 83.3 9.38 ** 45.8 87.5 91.7 13.22 ** 
Intercropping 69.0 54.8 1.26
 ns
 55.6 64.3 0.41
 ns
 79.2 37.5 75.0 9.94 * 
Soil-water conservation 37.9 51.6 1.13
 ns
 11.1 59.5 11.93 ** 8.3 54.2 100.0 28.52 ** 
Improved banana varieties 69.0 61.3 1.76
 ns
 44.4 73.8 6.15 * 58.3 62.5 83.3 3.56 
ns
 
Clean planting materials 79.3 54.8 6.10 * 66.7 66.7 2.45 
ns
 58.3 58.3 100.0 8.82 * 
Rouging of infected plants 55.2 77.4 5.07 
ns
 33.3 81.0 14.05 ** 50.0 66.7 100.0 11.82 ** 
Removal of male buds 79.3 96.8 4.66 
ns
 61.1 100.0 18.49 ** 87.5 83.3 100.0 2.26 
ns
 
Pruning of dead leaves 86.2 100.0 4.58 * 77.8 100.0 10.00 ** 83.3 100.0 100.0 6.43 
ns
 
Pseudostem splitting 65.5 71.0 0.21 
ns
 27.8 85.7 19.54 ** 54.2 66.7 100.0 7.82 * 
 
*Significant at p ≤ 0.05; **significant at p ≤ 0.01; ns, not significant. 
 
 
 
“I intercrop banana with other crops in order to harvest a 
variety of crops from small acreage...I get enough money 
from coffee in bananas” 
 
In general, when benefits were thematically ranked 
according importance, the role of AEI in the management 
of banana pest and disease complexes was ranked 
highest (Figure 1). The following practices were 
perceived to be options for integrated management 
options against pest and diseases: removal of male buds 
(61.1%), use of tissue culture materials (65.7%), pruning 
of dead leaves (70.6%) and destroying infected plants 
(81.4%) (Figure 1).  
Notably, rouging of diseased plants is an effective 
method of eliminating existing sources of inoculum and 
reducing opportunities of further spread of banana 
Xanthomonas wilt (Eden-Green, 2004). The importance 
of AEI in disease management is illustrated verbatim in 
the words of a farmer:  
 
“I used to cut the male buds using cutting tools or would 
just leave them on the plants. Luckily at that time plants 
had no problems of diseases. Later, I learnt that 
Xanthomonas wilt disease was transmitted through male 
buds and cutting tools. Therefore, I immediately began 
controlling the disease in my plantation by disinfecting all 
farm tools with fire and also removing male buds with a 
forked stick.”  
 
In addition, importance of AEI for enhanced crop yields 
and ensuring improved soil fertility were ranked second 
and third respectively since food security and soil fertility 
replenishment are key agricultural priorities in most rural 
communities (Figure 1). Farmers perceived equally (51%) 
the deployment of improved banana varieties and 
manure application for increasing yields and improving 
soil fertility, respectively (Figure 1). Manure is considered 
a key input for smallholder farming systems, especially 
where cost and availability limit the use of inorganic 
fertilizers (Harris and Yusuf, 2001; Mustafa-Musukwa et 
al., 2011).  
It is obvious that continuous cropping with very little 
investment in soil fertility replenishment was the cause of 
the noted declines in banana productivity witnessed over 
the years. The use of organic amend-ments in agriculture 
contributes immensely to converting much of the poor 
fragile land into stable productive zones. Despite being 
core at the heart of AEI, farmers gave less explicit atten-
tion to the benefits associated with the use of locally 
available resources and indigenous knowledge (Figure 
1).  
This observation seems to concur with some of the 
output from the focused group discussions, showing that 
farmer perceived benefits of AEI do not necessarily align 
well with what researchers consider priority benefits to 
smallholder livelihoods. Nevertheless, entrenching know-
ledge on the importance of AEI practices towards 
improved soil fertility, enhanced crop yield, pest and 
disease control is critical for enhancing their adoption by 
the smallholder farmers.   
 
 
Constraints to agro-ecological intensification in 
banana systems 
 
The household survey showed that several factors 
constrain smallholder banana farmers from implementing 
AEI practices that they actually perceived as beneficial on 
their farms (Figure 2). The four main constraints to AEI 
application ranked according to importance were 1) 
labour intensive, 2) does not work, 3) insufficient 
knowledge on practice and 4) limited / lack of access to
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Figure 1.  Perceived benefits of agro-ecological intensification practices in smallholder banana production. 
Perceived benefits: ISF, Improved soil fertility; ECY, enhanced crop yield; PSM, preserve soil moisture; GI, 
generate income; SEC, soil erosion control; DPC, disease and pest control; WC, weed control; EA, ecological 
adaptability; OLU, optimized landuse; AIK, availability of knowledge; ALR, availability of local resources; LS, 
labour saving; CP, clean plantation. 
 
 
 
inputs (Figure 2). The most labour intensive AEI practices 
were identified as harvested pseudostem splitting, 
removal of male buds and pruning of dead leaves. 
Farmers also highlighted insufficient knowledge on how 
to appropriately handle and manage tissue culture 
materials and improved banana varieties in order to 
optimize their benefits. They also revealed that limited 
accessibility to pest and disease-free tissue culture 
materials and improved banana varieties greatly limits 
their capacity to deploy these practices on-farm, so that 
their only recourse is to use maiden suckers. Besides, 
limited availability and high cost of organic manures was 
identified as a constraint to their use for soil fertility 
amendment, which could partly be attributed to the 
documented decline in livestock populations. On the 
other hand, mulching was mainly constrained by its high 
demand for labour and limited availability due to 
competition from other uses. For example, grasslands 
between home gardens were not only used for grazing 
livestock, but were also a source of grasses for mulching  
in banana-based farming systems (Mwijage et al., 2009). 
Results showed that the soil-water conservation practices 
were mainly constrained by high labour demand while 
insufficient knowledge was a key constraint to application 
of the recommended practice of rouging diseased plants 
in the control of banana Xanthomonas wilt. Surprisingly, 
several misconceptions seem to cloud smallholder 
farmers’ perceived importance of AEI practices in 
production of banana. In particular, thoughts about 
negative effects of livestock manure on growth of 
bananas were most prevalent among farmers who had 
recently ventured into banana production. For instance, 
seldom application of manure, rouging of infected plants 
and debudding were for fear of possible negative effects 
on soil health, food security and beer potency as 
illustrated below: 
 
“Using cow dung as manure in banana plantations will 
destroy my plants…..I am afraid that after destroying 
diseased plants, I will lack  banana  leaves  to  wrap  food 
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Figure 2.  Perceived constraints of agro-ecological intensification practices in smallholder banana production. Perceived 
constraints: EXP, High cost of application; DNW, does not work; LAB, labour intensive; INP, lack of access to inputs; 
NEG, negative effects on bananas; KNO, insufficient knowledge on practice; LAN, limited farm land.  
 
 
 
while cooking…..I believe that if the male buds are 
removed from Kayinja beer bananas, the exuding sap will 
reduce the eventual strength of the juice or beer I make.” 
 
These misconceptions are a reflection of the inadequate 
knowledge that results in wrong application of practices 
and competing cultural beliefs. For example, since fresh 
livestock manure contains high levels of salt and 
ammonia toxicity, it is capable of scorching leaves when 
directly applied to growing plants (University of Minnesota 
/ Extension, 2000). 
  
 
DISCUSSION  
 
The exploratory study above provides insights into some 
of the important features of smallholder banana systems 
in Uganda. The preponderance of evidence from Uganda 
indicates that banana productivity has stagnated or 
declined across majority of traditional areas over the past 
40 years and that in many instances a shift in production 
can be cited towards more non-traditional areas (Gold et 
al., 2000; Bagamba et al., 2010). Large proportion of 
banana has been cultivated on a nearly continuous basis 
for many decades, few inputs have been applied and 
conservation measures have been inadequate in most 
places. Within the context of sustainable agriculture, 
these banana systems have not been sustainably 
managed to ensure better harnessing of ecosystem 
services such as food and drinking water, preserving and 
regenerating soils, fixing nitrogen and carbon, recycling 
of nutrients, filtering pollution among others. This study 
alludes to awareness, perceived benefits and constraints 
to AEI application in banana systems. Our findings reveal 
that large number of farmers were aware of the different 
AEI practices, in context that they are sensitized to its 
existence and fully understand its performance and 
requirements (Dubois  et al., 2013). A major  incentive for  
 
 
 
 
elevated awareness, even among female banana farmers 
may, in part, have come from the mounting pressure from 
pests and disease and soil infertility. For example, AEI 
practices such as de-budding of male buds, uprooting of 
disease plants and use of clean plants that are currently 
promoted for managing banana Xanthomonas wilt were 
highly practiced across the study sites.  
AEI builds on farmers’ indigenous knowledge to 
understand the ecology of traditional farming systems, 
which once incorporated with elements of modern 
agricultural science, can lead to optimization of 
production (Altieri, 1995). Secondly, various on-farm 
research initiatives and extension services are aimed at 
bringing agricultural information closer to the grassroots; 
for instance, under the National Agricultural Advisory 
Services (NAADS) enterprise selection and development 
activities, farmer groups actively participate in the local 
decision-making process of identifying their own 
production priorities and what sort of resources to be 
allocated for enterprise development in their local area 
(Kyomugisha, 2008a). Farmer group membership has 
facilitated knowledge gathering and sharing, which points 
to the important role of social networks for knowledge 
dissemination (Dubois et al., 2013). Moreover, a major 
limitation to AEI in banana systems is that the great 
awareness did not necessarily translate into greater farm-
level adoption. Several constraints persist to impede AEI 
application, even of practices perceived to be beneficial 
for banana productivity. Insufficient knowledge on the 
benefits and application of some of the AEI practices 
such as use of clean planting materials and rouging was 
noted in this study. Karamura et al. (2013) highlighted 
that AEI is context dependent and knowledge-intensive, 
since its application at the farm-level is influenced by 
agro-ecological and socio-economic considerations. 
Often farmers utilize technologies based on their relative 
advantages, compatibility, complexity, trial ability and 
observations (Sinja et al., 2004). This study shows that 
smallholder banana farmers perceived multiple benefits 
of AEI (including pest and disease management, 
enhanced productivity, soil fertility regeneration and 
ecological adaptability). This illustrates an increasing 
awareness by farmers that sustainable practices should 
be able to fulfill the twin objectives of meeting current 
societal needs and desires without jeopardizing the 
options for future generations (FAO, 2012).  
This largely untapped potential of AEI in banana 
systems particularly emphasizes the profound differences 
in view point that have for long existed between scientific 
and traditional forms of knowledge (Cuéllar-Padilla and 
Calle-Collado, 2011). Previous research has shown that 
most scientists have condescending and misleading 
metaphors that local ecological knowledge is a cultural 
commodity while western science is absolute truth 
(Woodley, 2004; Oladele and Fawole, 2007). Actually 
farmers’ indigenous knowledge is authentic despite 
certain irregularities that make it distinctive from scientific  
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knowledge, which is most times based on semantic 
premises of necessary and sufficient conditions (Bentley 
and Baker, 2005). Local ecological knowledge is a 
dynamic interplay of a complexity of variables that is local 
beliefs, practice and context operatives in communities. 
Therefore, it is highly necessary for scientists to 
understand what farmers already know, do not know or 
misunderstand because their experiential knowledge is 
crucial for identification of innovative solutions and 
development of legitimate sustainable agricultural 
systems (Morse and Buhler, 1997; Bacon et al., 2008; 
Kindon et al., 2007). Other factors responsible for limited 
application or abandonment of AEI practices in banana 
included labour intensiveness and limited access to 
external inputs and markets. Although it is very important 
for banana farmers to be knowledge aware of AEI 
practices and their benefits, effect of education level on 
adoption of various technologies in agriculture has been 
emphasized in several studies (Fernandez-Cornejo et al., 
2001; Roberts et al., 2004; Lambert et al., 2007).  
Education level determines the household-head’s 
competence to make strategic decisions related with farm 
productivity, incomes and nutritional wellbeing of that 
household (World Bank, 2007a; FAO, 2011). Apparently, 
limited educational experience of banana farmers in this 
study suggests lower analytic capabilities to interpret 
agricultural information and efficient allocation of 
available local resources to improve crop productivity 
(Rahman, 2003; Ogunlade et al., 2009; Sofoluwe et al., 
2011). In this study, it was also observed that majority of 
smallholder farm operations are almost exclusively done 
manually and household labour is the key input. 
Depending on time demand of a particular task, crop 
management practices that require more time to 
accomplish risk being suspended or discarded because 
they directly compete for labour resources with other 
activities including leisure. So when labour intensiveness 
of AEI is cited as a critical factor impeding application, it 
could be that farmers perceive it to infringe on their 
legitimate right to off-farm activities and leisure.  
By virtue of remoteness, a number of banana farming 
communities were disconnected from urban input and 
output markets, due to poorly developed and maintained 
road and communication systems (Bahiigwa, 2006). As a 
result, rural communities are poorly informed, both on 
technical options for responding to production and yield 
constraints and on market windows for greater prices 
(Côte et al., 2010). Worse still, existing markets are 
fragmented, which tremendously weakens the incentives 
for smallholders to invest in more productive agricultural 
technologies and instead opt for low external input 
subsistence commodities (Kyomugisha, 2008b; Salami et 
al., 2010). 
 
 
Conclusion 
 
Raising awareness is a critical point in trying to generate  
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knowledge that may impact farmers in different ways. 
Majority of AEI practices are knowledge intensive, 
therefore understanding farmer awareness and percep-
tions is essential for development of good practices 
required for averting the steady collapse of banana 
production systems in Uganda. On the other hand, limited 
on-farm deployment of AEI practices among smallholder 
banana farmers suggests increased importance for 
researchers and extensionists to create a framework of 
ensuring that farmers utilize relevant knowledge. 
Empowering rural farmers to become accustomed with 
AEI strategies is essential to achieve appropriateness of 
new options in local contexts and hence potential 
adoption. A transition towards intensification of small-
holder banana systems requires that the full range of 
ecosystem services provided by AEI are recognized and 
valued if farmers are to enhance sustainability and 
productivity.  
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